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Abstract 
 
To reveal molecular determinates that underlie the intrinsic molecular pathways within 
neurons that support regeneration after injury, a DNA microarray study was performed on 
axotomized neuronal clusters that were maintained in culture and free from glial and 
astrocytes contamination. The microarray data indicated that post-injury regenerative 
sprouting requires two distinct pathways; a cell survival response to protect against 
pernicious secondary processes and a regenerative response driven by modulation of the 
neuronal cytoskeleton. From the transcriptomic data, cell cycle associated aurora B kinase 
(Aurkb), which was significantly up-regulated but never investigated in the context of 
neurons, was identified for further work. Immunohistochemical studies revealed that Aurkb is 
expressed extensively and cell-specifically in neurons of certain brain structures such as the 
cortex, hippocampus and amygdala. Its elevated expression in the embryonic brain cortex as 
compared to that of an adult implies that it may be involved in the process of brain 
maturation. Interestingly, the changing localization of Aurkb within developing cultured 
neurons and particularly its localisation outside of the nucleus at various stages of neuronal 
maturation further suggests that it may have direct roles neurite outgrowth. Indeed, impairing 
Aurkb activity in cultured neurons via different experimental approaches resulted in several 
key neuronal deficits. Generally, neurons with inactive Aurkb were found to have either 
shorter or no elaborated axons. They also possessed abnormally swollen cell bodies. 
Enlargement of the cell body, independent of nucleus size, was related to a substantial 
increase in microtubule mass within the area between the nucleus and axon hillock region. 
Furthermore, their expanded cell bodies are bordered by several aberrant, thin, frayed and 
highly disorganised neuritic processes. Next, yeast 2 hybrid identified INCENP as a binding 
partner of Aurkb in neurons. Subsequent phosphoproteomics studies coupled with functional 
  
 
analysis of protein associations have further revealed that inhibition of neuronal Aurkb 
affected a cluster of proteins and kinases that are major players of neuronal cytoskeleton 
regulation and organisation. In conclusion, this is the first comprehensive study of Aurkb in 
the brain and neurons. Specifically, the phosphoproteomic, pharmacological and molecular 
knockin and knockout studies provided considerable evidence that Aurkb has key roles in 
neurite cytoskeleton modulation.  Taken together, the work in this thesis has clearly identified 
a novel and alternate cell cycle independent function of Aurkb in post-mitotic neurons.  
 
 
 
  
Declarations 
 
Declaration of Originality  
"This thesis contains no material which has been accepted for a degree or diploma by the 
University or any other institution, except by way of background information and duly 
acknowledged in the thesis, and to the best of the my knowledge and belief no material 
previously published or written by another person except where due acknowledgement is 
made in the text of the thesis, nor does the thesis contain any material that infringes 
copyright.” 
 
Authority of Access  
This thesis is not to be made available for loan or copying for one year following the date this 
statement was signed. Following that time the thesis may be made available for loan and 
limited copying and communication in accordance with the Copyright Act 1968.  
 
Statement of Ethical Conduct  
“The research associated with this thesis abides by the international and Australian codes on 
human and animal experimentation, the guidelines by the Australian Government's Office of 
the Gene Technology Regulator and the rulings of the Safety, Ethics and Institutional 
Biosafety Committees of the University.” 
 
Statement regarding published work contained in thesis  
The publisher of the paper comprising parts from Chapter 2 and Chapters 3 hold the 
copyright for that content, and access to the material should be sought from the respective 
journals. The remaining non published content of the thesis may be made available for loan 
and limited copying and communication in accordance with the Copyright Act 1968. 
 
 
 
 
Jian Ming Jeremy NG 
 
Date:__010512___
  
Statement of co-authorship  
 
The following people and institutions contributed to the publication of the work undertaken 
as part of this thesis:  
 
Paper 1:  ǂJeremy Ng, J.M.[27.5%], ǂChen, M.J.[27.5%], Leung, Y.K.[5%], Peng, 
Z.F.[5%], Manikandan, J.[5%], Qi, R.Z.[2%], Chuah, M.I.[2%], West, 
A.K.[2%], Vickers, J.C.[2%], Lu, J.[2%], Cheung, N.S.[10%], Chung, 
R.S.[10%] (2011) Transcriptional insights on the regenerative mechanics of 
axotomized neurons in vitro. Journal of Cellular and Molecular Medicine 
2011 Jun 24. doi: 10.1111/j.1582-4934.2011.01361.x. (ǂJoint first author) 
 
Paper 2:  Jeremy Ng, J.M.[50%], Chen, M.J.[4%], Leung, Y.K.[4%], Chu, P.W.[4%], 
Datta, A.[4%], Qi, R.Z.[2%], Li, Q.X.[2%], Cheng, H.C.[2%], Hill, A.F.[2%], 
Sze, S.K.[2%], Chung, R.S.[12%], Cheung, N.S.[12%] (2011) The cell cycle-
associated kinase Aurora B has an important role in cortical neuron outgrowth 
and cytoskeletal dynamics. (Manuscript preparation in progress) 
 
Paper 3:  Jeremy Ng, J.M.[35%], Chen, M.J.[25%], Chung, R.S.[20%], Cheung, 
N.S.[20%] (2011) Aurora kinases: cell cycle and neuronal relevance. (Review, 
manuscript preparation in progress) 
 
Details of the authors roles:  
 
Paper 1 
 
- Candidate Jeremy Ng, J.M.: Wrote 90% of the manuscript and performed final analysis 
of microarray data.  
- Chen, M.J.: Executed most of the experiments (DNA microarray) 
- Leung, Y.K.: Executed part of the experiments (cell culture and RNA harvesting) 
- Peng, Z.F.: Contributed to bioinformatics microarray analysis 
- Manikandan, J.: Contributed to bioinformatics microarray analysis  
- Qi, R.Z.: Assisted with refinement and presentation of manuscript 
- Chuah, M.I.: Assisted with refinement and presentation of manuscript 
- West, A.K.: Assisted with refinement and presentation of manuscript 
- Vickers, J.C.: Assisted with refinement and presentation of manuscript 
- Lu, J.: Assisted with refinement and presentation of manuscript 
- Cheung, N.S.: (Senior corresponding author / Candidate Supervisor): Contributed the 
idea, its formalisation and development and provided research funding  
- Chung, R.S.: (Senior corresponding author): Contributed the idea, its formalisation and 
development, wrote 10% of the manuscript and executed part of the experiments 
(axotomy of neuronal clusters) 
  
 
Paper 2 
 
- Candidate Jeremy Ng, J.M.: Contributed to writing 90% of manuscript and research data 
- Chen, M.J.: Assisted in  research work (cloning) 
- Leung, Y.K.: Assisted in research work (immunostaining) 
- Chu, P.W.: Assisted in research work (lentivirus work) 
- Datta, A.: Assisted in research work (phosphoproteomics) 
- Qi, R.Z.: Provided research advice and will provide assistance in refinement and 
presentation of manuscript 
- Li, Q.X.: Assisted in research work (tissue sectioning) 
- Cheng, H.C.: Assisted in research work (production of recombinant protein) 
- Hill, A.F.: Assisted in research work (lentivirus work) 
- Sze, S.K.: Assisted in research work (phosphoproteomics) 
- Chung, R.S.: Senior corresponding author: Contributed the idea, its formalisation and 
development and writing part of the manuscript 
- Cheung, N.S.: Senior corresponding author / Candidate Supervisor): Contributed the 
idea, its formalisation and development and provided research funding 
 
Paper 3 
 
- Candidate Jeremy Ng, J.M.: Contributed to majority of manuscript writing 
- Chen, M.J.: Contributed to part of manuscript writing 
- Chung, R.S.: Senior corresponding author: Contributed the idea, its formalisation and 
development and writing part of the manuscript 
- Cheung, N.S.: Senior corresponding author / Candidate Supervisor): Contributed the 
idea, its formalisation and development and provided research funding 
 
 
We the undersigned agree with the above stated “proportion of work undertaken” for each of 
the above published (or submitted) peer-reviewed manuscripts contributing to this thesis:  
 
 
Signed: __________________   Signed: __________________ 
A/P Nam Sang Cheung   A/P Roger S Chung 
Primary Supervisor     Co-supervisor 
Menzies Research Institute    Menzies Research Institute 
University of Tasmania    University of Tasmania 
 
 
Date: ____010512_____ 
 
  
Preface  
 
This thesis consists only of my original work towards the Ph.D. degree, and I received 
significant assistance for the following: 
 
Chapter 3  
Dr Jacqueline Leung and A/P. Roger Chung (University of Tasmania) have rendered 
tremendous assistance in the culturing of rat primary cortical neurons, axotomy of neuronal 
clusters and harvesting of RNA.  
 
Chapter 4 
A/P. Qiao-Xin Li (University of Melbourne) has helped in sectioning the brains of different 
age C57BL/6 mouse (2 and 8 month old).  Mr Steven Weston (University of Tasmania) and 
A/P Robert Z Qi (Hong Kong University of Science and Technology) provided training in 
immunohistochemistry and immunocytochemistry respectively. A/P. Heung Chin Cheng has 
imparted the relevant skills use to acquire recombinant proteins.  
 
Chapter 5  
Dr Percy Chu and A/P. Andrew Francis Hill (both from University of Melbourne) have 
provided great advice and unreserved assistance in the production of lentiviruses for 
transduction of cultured primary cortical neurons. A/P. Nam Sang Cheung has paid for the 
cloning services provided by GeneArt, Invitrogen, Life Technologies. 
 
Chapter 6 
A/P. Nam Sang Cheung has paid for the yeast 2 hybrid services provided by Dualsystems 
Biotech AG, Zurich, Switzerland. Dr Arnab Datta and A/P. Sze Siu Kwan (both from 
Nanyang Technological University) have assisted in mass spectrometry (LC-MS/MS) as well 
as the analysis of proteomics data.  
  
Acknowledgements 
 
First, I would like to express my sincere gratitude to my main supervisor, A/P Steve Nam 
Sang Cheung for funding my studies. The work in this thesis would not have been achievable 
without his sound advice, great support and excellent research ideas. I’m appreciative of him 
taking precious time off from his busy schedules to show me the ropes of doing certain 
experiments and to overcome some of the technical difficulties I have faced along the way by 
forging essential collaborations with various researchers.  He has also been very encouraging 
and caring, constantly checking on my well-being and making sure that I’m on track during 
the course of my studies. Furthermore, he has taught me how to tackle a scientific problem 
from different angles and spurred my interest in science. I’m fortunate and thankful to have 
him as my mentor.  
 
Next, I would like to like to thank my co-supervisor, A/P Roger S Chung, whom I’m greatly 
indebted to. He has provided great perspective, assistance and guidance, especially during the 
writing process. His support and words of encouragement were my pillars of strength and he 
is an inspirational mentor. I’m also extremely grateful for his help in some of the 
experiments, the invaluable career advice he has provided along the way and the time he 
spent on sharing his personal experience and journey to being an outstanding researcher.  
 
There are also several people I would like to thank for their time and expertise in various 
experimental techniques that were undertaken in this thesis. They include Dr Jessica Chen 
and Dr Jacqueline Leung for their kind assistance in the DNA microarray project, Dr Zhao 
Feng Peng and Dr Manikandan J for their meticulous work in DNA microarray data analysis, 
Dr Qiao Xin Li for sectioning adult mouse brains for immunohistochemistry, Mr Steven 
  
 
Weston and A/P Robert Qi for taking time to teach me the basics of immunohistochemistry 
and immunocytochemistry respectively, Dr Rob Gasperini for showing me how to use the 
fluorescence microscopes, Dr Percy Chu and A/P. Andrew Francis Hill for their patience and 
time invested in getting the lentivirus stuff to work and Dr Arnab Datta and A/P. Sze Siu 
Kwan for their selfless help in phosphoproteomics. In addition, special thanks go to A/P 
Heung Chin Cheng and his wife, Ms Daisy Lio for their warm and kind hospitality during my 
attachment in their lab for recombinant protein work. I deeply appreciate the unreserved 
assistance and great advice they have provided for my experiments.  
 
During my studies, I have made many great friends and I would like to express a big thank 
you to each and every one of them for making my stay in Australia an enjoyable and pleasant 
experience. My first round of thanks go to my outings and road trip buddies and they include 
Zinc, Gracie, Hwee, Isaac, Wei Tong, Leo, Grace, Huixian, Boonhan and yaya. Second, I 
would like to express my heartfelt thanks to some awesome friends I have made in Bio21 
research institute, Melbourne and they are Percy, Joe, Khai Chew, Iqbal, Din, Aainaa and 
Chee San. Third, I would like to thank my colleagues in A/P Roger Chung’s lab, namely 
Jacqueline, Ros, Emma, Bill and Kate. 
 
I would also like to thank my friends back in Singapore for their moral support and words of 
encouragement, especially Jessica Chen who has also helped me in several aspects of my 
experiments.  Last but not least I would like to thank my parents and little brother for their 
unconditional love, care, concern and support. Without them being my emotional pillars, this 
journey would have been so much harder and possibly impossible. To end off my 
acknowledgements, I would also like to thank anyone whom I have unintentionally left out 
but has helped me in one way or another during the course of my PhD studies. 
  
Table of contents 
       Page 
List of tables ......................................................................................................................... I 
Page ....................................................................................................................................... I 
List of figures ...................................................................................................................... II 
Page ..................................................................................................................................... II 
Publications and presentations .......................................................................................... V 
List of abbreviations ......................................................................................................... VI 
CHAPTER 1 ........................................................................................................................ 1 
1.1 Traumatic brain injury (TBI) ............................................................................... 2 
1.1.1 What is TBI? .......................................................................................................... 2 
1.1.2 Current lack of effective therapeutic treatments for TBI .................................... 2 
1.2 Factors that underlie neurite regeneration following axonal injury ................... 3 
1.2.1 The environment of the adult mammalian CNS is inhibitory to regeneration ... 3 
1.2.2 Intrinsic regenerative ability of mature adult mammalian neurons ................... 5 
1.3 DNA microarray studies identify Aurkb as a novel molecule associated with 
intrinsic regenerative responses to injury .......................................................................... 7 
1.4 Aurora kinases and cell cycle ................................................................................ 8 
1.4.1 Introduction and structure of aurora kinases ...................................................... 8 
1.4.2 Regulation of aurora A kinase (Aurka) .............................................................. 10 
1.4.2.1 Main regulator of Aurka: TPX2 ................................................................................ 10 
1.4.2.2 Other factors that positively regulate Aurka ............................................................ 11 
  
 
1.4.2.3 Molecules that negatively regulate Aurka ................................................................ 12 
1.4.2.4 Degradation of Aurka ................................................................................................. 12 
1.4.3 Regulation of aurora B kinase (Aurkb) .............................................................. 14 
1.4.3.1 Main regulator of Aurkb: INCENP .......................................................................... 14 
1.4.3.2 Survivin and borealin, two other members of the chromosomal passenger 
complex (CPC) ............................................................................................................................ 15 
1.4.3.3 Other factors that positively regulate Aurkb ........................................................... 16 
1.4.3.4 Phosphatases negatively regulate Aurkb .................................................................. 17 
1.4.3.5 Degradation of Aurkb ................................................................................................. 17 
1.4.4 Roles of Aurka in cell division ............................................................................. 17 
1.4.4.1 Mitotic entry ................................................................................................................ 17 
1.4.4.2 Centrosome maturation and mitotic spindle formation .......................................... 18 
1.4.4.3 Spindle bipolarity and stabilization ........................................................................... 19 
1.4.5 Roles of Aurkb in cell division ............................................................................ 20 
1.4.5.1 Chromosome structuring and condensation ............................................................. 20 
1.4.5.2 Correction of aberrant microtubule (MT)-kinetochore attachments .................... 22 
1.4.5.3 Reinforcement of the spindle assembly checkpoint (SAC) ...................................... 24 
1.4.5.4 Regulation of cytokinesis ............................................................................................ 24 
1.5 Aurora kinases and neuronal processes ............................................................. 27 
1.5.1 Neuronal functions of Aurka .............................................................................. 27 
1.5.1.1 Neuronal plasticity ...................................................................................................... 27 
1.5.1.2 Neurite extension ......................................................................................................... 28 
1.5.1.3 Neuronal polarity ........................................................................................................ 28 
1.5.1.4 Cilia disassembly ......................................................................................................... 29 
1.5.2 Is there a role for Aurkb in neurons? ................................................................. 29 
1.5.2.1 Cell cycle regulatory partners of Aurkb that hold neuronal functions .................. 29 
1.5.2.2 Possible neuronal function of Aurkb: implications drawn from research on 
dividing cells ................................................................................................................................ 32 
1.6 Research aims ...................................................................................................... 35 
CHAPTER 2 ...................................................................................................................... 36 
2.1 Introduction ......................................................................................................... 37 
2.2 Animal ethics ....................................................................................................... 37 
2.3 Cell culture .......................................................................................................... 37 
  
 
2.3.1 Rat PC12 culture ................................................................................................. 37 
2.3.2 Mouse primary cortical neuronal culture........................................................... 38 
2.3.3 Rat primary cortical neuronal cluster culture ................................................... 38 
2.4 Experimental procedures undertaken for Chapter 3 ......................................... 39 
2.4.1 Axotomy of rat primary cortical neuronal clusters ............................................ 39 
2.4.2 Total RNA extraction and isolation from cultured rat neuronal clusters ......... 39 
2.4.3 Determination of RNA concentration ................................................................. 40 
2.4.4 Checking of RNA quality .................................................................................... 40 
2.4.5 cDNA synthesis/ reverse transcription (for RT-PCR) ........................................ 40 
2.4.6 Real-time Polymerase Chain Reaction (RT-PCR) ............................................. 42 
2.4.7 DNA microarray experiment using Illumina® Rat Ref12 Ver1 hybridization 
beadchip arrays ................................................................................................... 43 
2.4.8 Microarray data collection and analysis ............................................................. 44 
2.4.9 Statistical analysis ................................................................................................ 45 
2.5 Experimental procedures undertaken for Chapter 4 ......................................... 46 
2.5.1 Primary antibodies used ...................................................................................... 46 
2.5.2 Preparation of tissue and whole neuronal cell homogenates ............................. 46 
2.5.3 Isolation, fixation and preparation of brain tissues. .......................................... 47 
2.5.4 Generation and purification of recombinant protein from Sf9 insect cells ....... 47 
2.5.5 Coomassie brilliant blue staining and western blotting ..................................... 48 
2.5.6 Immunohistochemistry ........................................................................................ 49 
2.5.7 Immunocytochemistry ......................................................................................... 50 
2.6 Experimental procedures undertaken for Chapter 5 ......................................... 50 
2.6.1 Primary antibodies used ...................................................................................... 50 
2.6.2 Drug treatment of neurons .................................................................................. 51 
2.6.3 Cloning of pLVX-Aurkb-WT/K109R-EGFP and pLVX-EGFP (control) ........ 51 
2.6.4 Polymerase chain reaction (PCR) for cloning pLVX-Aurkb-WT/K109R-EGFP
 52 
2.6.5 DNA ligation ........................................................................................................ 53 
2.6.6 Restriction enzyme (RE) digestion and agarose gel electrophoresis .................. 53 
  
 
2.6.7 PCR and DNA sequencing to verify pLVX-Aurkb-WT/K109R-EGFP and 
pLVX-EGFP (control) ......................................................................................... 54 
2.6.8 Synthesis of pLVX-Flag-Aurkb WT/ K109R/ T235A ........................................ 54 
2.6.9 Lentiviral clones used for Aurkb knock-down studies ....................................... 55 
2.6.10 Bacterial transformation ..................................................................................... 55 
2.6.11 Plasmid purification ............................................................................................ 56 
2.6.12 Determination of plasmid concentration ............................................................ 56 
2.6.13 Production of lentivirus in HEK293T cells ......................................................... 56 
2.6.14 Virus concentration ............................................................................................. 57 
2.6.15 Overexpression of target protein in primary cortical neurons using lentivirus 58 
2.6.16 Overexpression of target protein in PC12 cells using lentivirus ........................ 59 
2.6.17 Knock-down of target gene in primary cortical neurons using lentivirus ......... 59 
2.6.18 Others................................................................................................................... 60 
2.7 Experimental procedures undertaken for Chapter 6 ......................................... 60 
2.7.1 Yeast-2-hybrid ..................................................................................................... 60 
2.7.2 Immunohistochemistry ........................................................................................ 61 
2.7.3 Collection of neuronal samples for phosphoproteomics .................................... 61 
2.7.4 Phosphoproteomics .............................................................................................. 62 
CHAPTER 3 ...................................................................................................................... 64 
3.1 Introduction ......................................................................................................... 65 
3.2 Experimental design ............................................................................................ 66 
3.3 Results .................................................................................................................. 67 
3.3.1 DNA microarray analysis overview .................................................................... 67 
3.3.2 Transcriptomic changes in neurite network associated genes ........................... 82 
3.3.3 Stimulation of cellular defense mechanisms to counter oxidative insults .......... 83 
3.3.4 Differential regulation of genes associated with cell cycle and cell death .......... 83 
3.3.5 Ion homeostasis responses ................................................................................... 84 
3.3.6 Firing of inflammatory and chemotaxis responses............................................. 85 
  
 
3.3.7 Validation of microarray analysis ....................................................................... 85 
3.4 Discussion............................................................................................................. 87 
3.4.1 Microtubule stabilization .................................................................................... 87 
3.4.2 Dynamic actin instability ..................................................................................... 88 
3.4.3 Cilia associated proteins ...................................................................................... 91 
3.4.4 Protein trafficking ............................................................................................... 91 
3.4.5 Axonal guidance cues and neurotrophic factors ................................................ 92 
3.4.6 Neurite promoting molecules .............................................................................. 93 
3.4.7 Oxidative stress .................................................................................................... 93 
3.4.8 HSP:  molecular chaperones ............................................................................... 94 
3.4.9 Programmed cell death ....................................................................................... 95 
3.4.10 Cell cycle .............................................................................................................. 95 
3.4.11 Calcium Homeostasis .......................................................................................... 97 
3.4.12 Energy regulation ................................................................................................ 98 
3.4.13 Inflammation ....................................................................................................... 99 
3.4.14 Chemotaxis – direct and indirect influences ..................................................... 100 
3.5 Concluding remarks .......................................................................................... 103 
CHAPTER 4 .................................................................................................................... 104 
4.1 Introduction ....................................................................................................... 105 
4.2 Experimental design .......................................................................................... 106 
4.3 Results ................................................................................................................ 106 
4.3.1 Specificity of Aurkb antibody (ab2254) ............................................................ 106 
4.3.2 Localization of Aurkb in the adult mouse brain .............................................. 109 
4.3.3 Aurkb is localized in neurons but not astrocytes of adult mouse brain .......... 111 
4.3.4 Varied expression of Aurkb in cortex at different brain developmental stages
 115 
4.3.5 Varied expression of Aurkb in hippocampus of different aged brain ............. 118 
4.3.6 Localization of Aurkb in cultured primary cortical neurons .......................... 120 
  
 
4.3.7 Expression and activity of Aurkb in cultured growing cortical neurons ........ 124 
4.4 Discussion........................................................................................................... 126 
CHAPTER 5 .................................................................................................................... 130 
5.1 Introduction ....................................................................................................... 131 
5.2 Experimental design .......................................................................................... 131 
5.3 Results ................................................................................................................ 132 
5.3.1 Inhibition of Aurkb in cultured neurons using a specific chemical inhibitor . 132 
5.3.2 Lentiviral expression of wild-type and kinase-dead AurkB in cultured neurons
 137 
5.3.3 Generation of pLVX-Aurkb-WT/K109R-EGFP and pLVX-EGFP (control) 
constructs ........................................................................................................... 139 
5.3.4 Lentivirus-mediated expression of Aurkb-WT-EGFP, Aurkb-K109R-EGFP 
and EGFP control in cultured mouse primary cortical neurons ..................... 146 
5.3.5 Lentivirus-mediated expression of Aurkb-WT-EGFP, Aurkb-K109R-EGFP 
and EGFP control in rat PC12 cells .................................................................. 148 
5.3.6 Synthesis of pLVX-Flag-Aurkb WT/ K109R/ T235A ...................................... 150 
5.3.7 Lentivirus-mediated expression of Flag-Aurkb-WT, Flag-Aurkb-K109R and 
Flag-Aurkb-T235A in cultured mouse primary cortical neurons ................... 154 
5.3.8 Lentivirus-mediated knock-down of endogenous Aurkb in cultured mouse 
primary cortical neurons (using pGIPZ shRNAmir) ....................................... 158 
5.3.9 Lentivirus-mediated knock-down of endogenous Aurkb in cultured mouse 
primary cortical neurons (using pLKO.1 shRNAmir) ..................................... 161 
5.4 Discussion........................................................................................................... 166 
CHAPTER 6 .................................................................................................................... 172 
6.1 Introduction ....................................................................................................... 173 
6.2 Experimental design .......................................................................................... 175 
6.3 Results ................................................................................................................ 176 
  
 
6.3.1 Interactors of Aurkb identified from Y2H screens .......................................... 176 
6.3.2 Presence of INCENP in E15 and P3 mouse brain ............................................ 177 
6.3.3 Differentially regulated proteins identified from phosphoproteomics ............ 179 
6.3.4 Prediction of functional protein association networks ..................................... 180 
6.4 Discussion........................................................................................................... 187 
6.4.1 Implications of INCENP as a binding partner of Aurkb in neurons ............... 187 
6.4.2 Proteins that modulate neuronal cytoskeleton ................................................. 189 
6.4.2.1 Growth associated protein 43 (Gap43) .................................................................... 190 
6.4.2.2 Collapsin response mediator proteins (Crmp1, Crmp2 and Crmp3)................... 190 
6.4.2.3 Microtubule associated proteins (Mtap1b) ............................................................. 192 
6.4.2.4 Debrin (Dbn) .............................................................................................................. 193 
6.4.2.5 Neural cell adhesion molecule (Ncam) .................................................................... 193 
6.4.2.6 Adducin (Add) ............................................................................................................ 194 
6.4.2.7 Glycogen synthase kinase 3 beta (Gsk3β) ................................................................ 195 
6.4.2.8 p21 protein activated kinase 1 (Pak1) ...................................................................... 196 
6.4.2.9 Doublecortin-like kinase 1 (Dclk1) and 3-phosphoinositide dependent protein 
kinase 1 (Pdpk1)......................................................................................................................... 197 
6.4.3 Proteins associated with Aurkb ........................................................................ 197 
6.4.3.1 Cytoplasmic linker associated proteins (Clasp2) .................................................... 198 
6.4.4 Proteins involved in protein synthesis .............................................................. 200 
6.4.5 Proteins involved in RNA and DNA processing ............................................... 200 
6.4.6 Concluding remarks on phosphoproteomics .................................................... 202 
CHAPTER 7 .................................................................................................................... 203 
7.1 Conclusions and future directions .................................................................... 204 
7.1.1 Summary of findings ......................................................................................... 204 
7.1.2 Possible future work .......................................................................................... 205 
7.1.3 Emerging importance of cell cycle regulators in neuronal processes .............. 207 
7.1.4 Concluding remarks .......................................................................................... 209 
Supplementary data ........................................................................................................ 210 
References........................................................................................................................ 223 
